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Abstract. The Vector SpectroMagnetograph (VSM) instrument has recorded 
O , full-disk photospheric vector magnetograms weekly since August 2003 as part of 

^ • the Synoptic Optical Long-term Investigations of the Sun (SOLIS) project. Af- 

' ter the full deployment of the VSM data processing system, a typical observing 

, day will include three Fe I 630.2 nm full-disk photospheric vector magnetograms, 

■ one full-disk photospheric and three Ca II 854.2 nm chromospheric longitudinal 

magnetograms, along with three He I 1083 nm spectroheliograms. The photo- 
spheric vector magnetograms will be available over the Internet in two stages: 
first, as a quick- look product within minutes of data acquisition, and then as a 
Milne-Eddington inversion product within a day of each observation. 
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^sO . 1. Introduction 
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The VSM is one of three instruments that consti tute the SOLIS project. For 
Qh' a gen eral overview of the SOLIS instruments see iKeller. Harvey. &: Giampapa 
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(2003). The VSM instrument provides a unique record of solar full-disk vector 



magnetograms along with the high sensitivity photospheric and chromospheric 
longitudinal magnetograms. The VSM began recording daily full-disk magne- 
tograms during August 2003 at a temporary site in Tucson, Arizona. In April 
2004, the VSM was relocated to Kitt Peak and resumed operation in May 2004. 
k>( | The VSM full-disk parametergrams are constructed from 2048 individual 

steps in declination of the projected solar image on the entrance slit. The ob- 
served spectrum lines would be curved due to the relatively large angular de- 
viation of 0.57 degrees in the spectrograph. However, the slit is curved with a 
radius of 258.77 mm to compensate for the curvature of the 630.2 nm wavelength 
spectrum. The 50-cm aperture VSM utilizes a Ritchey-Chretien optical design. 
This includes a two-lens field corrector to provide nearly equivalent image qual- 
ity over the whole field of view with minimal geometric distortion and equal 
image size for all wavelengths. The VSM utilizes two interim CMOS hybrid 
cameras made by Rockwell Scientific. During t he first year of ope ration, several 
unexpected camera signals were revealed (see Harvey et al. 2004). Two of the 



pronounced artifacts, a variable dark level and signal cross-talk at a 0.5 percent 
level, required significant modification to the data reduction pipeline. 

1.1. Polarization Calibration 

The optical configurations for the VSM polarization modulation measurements 
used to produce vector magnetograms are depicted in Figure 1. VSM vector 
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filter FLO \/4 FLC2 \/4 polarizer output signal 
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Figure 1. Illustration of the VSM optical sequence for each of the four 
modulation states to measure the four Stokes parameters (see text). 



magnetograms are obtained using two half-wave (at 630 nm) ferroelectric liquid 
crystal (FLC) retarders. In front of the FLCs, off-band wavelengths are filtered 
out. In between and after the FLCs there are polymer quarter- wave retarders 
with fixed optic axes (see Figure 1). The arrows in the figure portray the relative 
orientations of each optic axis, where the corresponding output signals for each 
configuration are listed in the right-hand column. 

Detailed quantitative calibration of the early VSM vector observations is 
nearly complete. Calibration measurements are obtained by observing at disk 
center while frames are accumulated with an additional polarizer and quarter- 
wave plate in the beam before the first FLC in Figure 1. For full-Stokes calibra- 
tion, the signal matrices are estimated by positioning the polarizer and quarter- 
wave plate at 64 angle-positions with respect to each other and the entrance 
slit. In addition, the retardation and relative orientation of the fast axis of the 
calibration retarder are estimated. 




2. VSM Data Processing 

The SOLIS Data Handling System (DHS) has been designed to use pools of 
distributed data reduction process es that are allocated to different o bservations 
on 10 dual-CPU Linux boxes (see IWample"r1l2002l : [kmes et al.l 120021 ). The SO- 



LIS data transmission and storage resources are such that the reduction of VSM 
data is performed at the observing site on Kitt Peak. Reduced data products are 
transmitted via a 45 Mb/s link from Kitt Peak to the National Solar Observa- 
tory's digital archive in Tucson. Currently, the raw data is archived for planned 
reprocessing during 2006. However, during nominal operation the profile data 
will be deleted after 24 hours. 



SOLIS-VSM Solar Vector Magnetograms 




Figure 2. Inferred magnetic field strength (top), inclination (middle), and 
azimuth (bottom) from a SOLIS-VSM area-scan observation on 27/10/2003. 
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2.1. Stokes Inversion 

During a typical observing day three full-disk photo-spheric vector magnetograms 
will be available over the Internet in two stages: first, as a "quick-look" (QL) 
product within 10 minutes of data acquisition, and then as a Milne-Eddington 
(ME) inversion product within 24 hours of each observation. The quick-look 
parameters include estimates of the magnetic field strength, inclination, and az- 
imuth. The QL inclina t ion a nd azimuth determination is estimated following 
Auer. Heaslev fc House! ( 19771 ). Whereas, the magnetic field strength is approx- 



imated by using the estimated inclination with the measured line-of-sight (LOS) 
field strength and assumption that the fill- fact or is 1. The LOS fiel d strength is 
estimated using the center-of- gravity method ( Rees fc Semell [i~979l ) . The high- 



precision vector parameters are determine d with the High Alt i tude O bservatory 
ME inversion technique implemented by ISkumanich Sz Lited ( 19871 ). Example 



ME parameter images from a VSM area-scan observed 27 October 2003 are 
displayed in Figure 2. Initially, the vector data products will not include az- 
imuth disambiguation until suitable algorithms have been developed. However, 
the flexible design of the VSM data handling system can incorporate azimuth 
disambiguation and additional future improvements under consideration (e.g. 
principal component analysis). 



3. VSM Data Products 

New data products from VSM observations since August 2003 are expected to 
become available during 2006. These products include full-disk vector magne- 
tograms, Dopplergrams, equivalent width and line depth images. Carrington 
rotation and daily synoptic maps are now available for the photospheric magne- 
tograms. Daily coronal hole estimate images derived from VSM data, along with 
coronal hole synoptic maps, are available. The VSM synoptic data products are 
available on the NSO-SOLIS web site at: http://solis.nso.edu/. 
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